Adenocarcinoma of the prostate may be deceptively benign-appearing upon light microscopic examination of hematoxylin-and-eosin-stained tissue sections. These 'pseudobenign' carcinomas may be missed in needle biopsy tissue and contribute to the false negative rate of about 1-3% in needle biopsy diagnosis of prostate cancer. [1] [2] [3] The basis for a misdiagnosis of adenocarcinoma of the prostate in needle core tissue as benign includes a relatively low number of glands, intermingling with benign glands, lack of disorganization, and the presence of variants of prostate cancer that may mimic benign conditions. 1, 2 Variants of usual acinar adenocarcinoma are, according to the 2016 World Health Organization scheme, the following: atrophic; pseudohyperplastic; microcystic; foamy; mucinous (colloid); signet ringlike cell; pleomorphic giant cell; and sarcomatoid (Table 1) . 4 The first four variants-atrophic, pseudohyperplastic, microcystic, and foamy adenocarcinoma-may morphologically mimic benign processes in the prostate and are the focus of this review.
Atrophic pattern adenocarcinoma
Atrophic pattern adenocarcinoma may be seen in a sporadic setting or following radiation or androgen deprivation therapy and is characterized by cytoplasmic volume loss, just like benign atrophy. [5] [6] [7] [8] In comparison, usual acinar adenocarcinoma exhibits a moderate amount of cytoplasm. The following discussion relates to sporadic atrophic pattern adenocarcinoma. The incidence of sporadic atrophic pattern adenocarcinoma is 2% in needle core cases 6 and 16% in radical prostatectomy cases. 7 It has also been reported in two transurethral resection of prostate cases. 5 There are no reported gross descriptions of atrophic pattern adenocarcinoma. Microscopically, an infiltrative arrangement of glands displaying cytoplasmic volume loss (Figure 1) , macronucleoli, and nucleomegaly, along with admixed non-atrophic usual acinar adenocarcinoma with a moderate amount of cytoplasm, is typical. The percentage of the tumor that is comprised of glands with atrophic features is variable. On average, about 16-25% of the total adenocarcinoma harbors glands with atrophic features. 6, 7 The range is broad, being 10-90% in needle core cases 6 and 1-70% in radical prostatectomy cases. 6, 7 The atrophic malignant glands are often intermingled with malignant glands with the usual moderate amount of cytoplasm ( Figure 2 ). Note that none of the reported cases were pure atrophic pattern adenocarcinoma. Pure atrophic pattern adenocarcinoma should rarely, if ever, be diagnosed, particularly in needle biopsy tissue, due to diagnostic difficulty in recognition and distinction from benign atrophy (see below). The glands are often rounded to oval and typically small (Figures 1 and 2 ) but cystically dilated glands of microcystic adenocarcinoma may also be lined by carcinoma cells with cytoplasmic volume loss, that is, with atrophic features. 6, 7, 9 Challenges in diagnosis include identification, in some glands, of nuclear atypia, due to nuclear compression (Figure 2) , and diminished expression of AMACR with 70% of cases being positive, 10 compared to~90% of cases of usual acinar adenocarcinoma. 11 Complete loss of basal cells in all atrophic pattern adenocarcinoma glands is seen in immunohistochemistry using antibodies directed against high-molecular-weight cytokeratins (such as antibody 34βE12) and p63. 7 The differential diagnosis of atrophic pattern adenocarcinoma vs benign atrophy is critical. Infiltrative growth, nuclear atypia, and complete and diffuse absence of basal cells are the most reliable criteria for diagnosis of atrophic pattern adenocarcinoma rather than benign atrophy. [5] [6] [7] Intraluminal pink secretions, intraluminal wispy blue mucin, and intraluminal crystalloids achieve statistical significance in being found more often in atrophic pattern adenocarcinoma than benign atrophy, 7 but are detected in only a minority of atrophic pattern adenocarcinoma cases, which limits diagnostic utility. Perineural invasion by atrophic pattern adenocarcinoma may also be identified in a minority of cases. 7 There is immunophenotypic overlap that can confound the differential diagnosis of atrophic pattern adenocarcinoma vs benign atrophy. Scattered benign atrophic glands are negative for basal cell immunostains in 6-23% of cases. [12] [13] [14] [15] [16] [17] AMACR can be positive in 4% of cases of benign atrophy, 11, 18 and positive in 10-79% of partial atrophy cases. 12, 13, 16 Thus, benign atrophy may display a cancer-like immunophenotype with AMACR overexpression and basal cell loss. Benign atrophy is negative for ERG expression 19 but only around 50% of prostatic adenocarcinomas are positive for ERG, Atrophic pattern adenocarcinoma is a proliferative Gleason pattern 3 adenocarcinoma. Of note, sporadic atrophic pattern adenocarcinomas are not quiescent or dying glands. The proliferation index of atrophic pattern adenocarcinoma (at 4%) is similar to usual acinar adenocarcinoma (at 5%) and apoptosis is rare. 7 Most atrophic pattern adenocarcinomas are Gleason pattern 3 and the associated usual acinar adenocarcinoma is usually pattern 3, although in 13% of cases high-grade pattern 4 is present in the usual acinar component. 7 The presence of atrophic features in adenocarcinoma is not likely of prognostic significance as adenocarcinomas with and without atrophic change do not differ in Gleason grade or pathologic stage. 7 
Pseudohyperplastic adenocarcinoma
Pseudohyperplastic adenocarcinoma can simulate the appearance of usual epithelial hyperplasia. [20] [21] [22] [23] [24] This variant accounts for a large percentage of needle biopsy cases misdiagnosed as benign. 1, 2 The incidence in adenocarcinoma needle core cases is 2%, 20 in chips from transurethral resection 3%, 23 and in the whole gland 11%. 20 There are no known clinical, radiological, or gross features specific for pseudohyperplastic adenocarcinoma. Microscopically, pseudohyperplastic adenocarcinoma displays papillary infoldings, luminal undulations, branching, and cystic dilatation (Figures 3 and 4 ). An infiltrative pattern can be detected in a minority of cases. 20 This variant may be detected in the whole prostate gland in the peripheral or transition zones. In radical prostatectomy cases there is almost always associated usual small acinar adenocarcinoma, although in needle core tissues up to 90% of the adenocarcinoma may be pseudohyperplastic. 21 The nuclei are rounded and typically have prominent nucleoli although nuclear atypia may be minimal in some cases, particularly those uncommon cases with foamy cytoplasmic features. 25 Features associated with prostatic neoplasia, such as intraluminal crystalloids, intraluminal pink amorphous secretions, and intraluminal wispy blue mucin, are seen in a minority of cases. 20, 21 Discovery of intraluminal crystalloids at low magnification in hyperplasticappearing glands (Figure 3 ) may provide a diagnostic clue as to the presence of pseudohyperplastic carcinoma.
The differential diagnosis centers on crowded benign glands with normal glandular architectural complexity, usual glandular hyperplasia of the prostate, and ductal adenocarcinoma. Findings that are useful in establishing a diagnosis of malignancy include gland crowding, nuclear enlargement, macronucleoli, and transition to usual small acinar adenocarcinoma. Search for adjacent typical small acinar adenocarcinoma is essential, and just as for atrophic pattern adenocarcinoma, a diagnosis of pure pseudohyperplastic adenocarcinoma should rarely, if ever, be rendered, especially in needle core tissue. There should be a low threshold for performance of immunohistochemistry in cases that are concerning for pseudohyperplastic adenocarcinoma, particularly in needle core tissue. AMACR expression is detectable in 70-83% of cases 26 and no basal cells are found in all the glands of concern, by immunostaining. Identification of perineural invasion by pseudohyperplastic glands can be diagnostically useful, but is observed in only a minority of cases. [20] [21] [22] 27 The papillary growth of pseudohyperplastic adenocarcinoma may be mistaken not only for the papillae of usual prostatic epithelial hyperplasia 28 but also for the papillae of ductal adenocarcinoma of the prostate. The neoplastic epithelial lining of the fibrovascular cores of ductal adenocarcinoma papillary structures typically is pseudostratified with elongated nuclei. 29 In contrast, the lining cells of pseudohyperplastic adenocarcinoma papillae are not pseudostratified and the nuclei are rounded and basal in location (Figure 4a) . Distinction of papillary pseudohyperplastic adenocarcinoma from papillary ductal adenocarcinoma is important as the former is Gleason pattern 3 while the latter is high-grade pattern 4.
Pseudohyperplastic adenocarcinomas are Gleason pattern 3 in the prostate, 30 although pseudohyperplastic features have been reported in metastatic prostatic adenocarcinoma. 20 The prognosis for patients with pseudohyperplastic prostatic adenocarcinoma is likely similar to that of Gleason pattern 3 usual small acinar adenocarcinoma. 20 Of interest, HOXB13 G84E-related familial prostate cancers commonly show pseudohyperplastic features. 31 
Microcystic adenocarcinoma
Microcystic acinar adenocarcinoma exhibits gland dilatation with intermediate-sized glands that are, on average, 10 times the size of usual small acinar adenocarcinoma glands. 9 That such dilated malignant glands exist in the prostate challenges the concept that prostatic adenocarcinoma is prototypically a small gland cancer. The incidence in radical prostatectomy cases is 11%. 9 Microscopically, the expansion of the luminal spaces generates a rounded profile, and the luminal cell lining layer is flat, with or without atrophic changes (Figures 5 and  6 ). Intraluminal crystalloids and blue mucin are uniformly present. There is always admixture with usual small acinar adenocarcinoma, which most often comprises the majority of the tumor. 9 In immunohistochemistry the dilated glands lack basal cells and almost all cases (96%) express AMACR. 9 The differential diagnosis centers mainly on cystic hyperplasia in the transition zone and cystic atrophy in the peripheral zone. 32 Detection of nuclear atypia, AMACR overexpression, lack of basal cells, and adjacent small acinar adenocarcinoma are useful clues in establishing a diagnosis of malignancy for these microcystic glands. Cystic dilatation of malignant prostatic glands can also be seen in ductal adenocarcinoma, where the cystic change can be microscopic or macroscopic. 33, 34 Microscopic cystic ductal adenocarcinomas have been termed cystadenocarcinomas. 34 These cystically dilated ductal adenocarcinomas differ from microcystic acinar adenocarcinomas in that the cysts are larger (at 5-10 mm) and exhibit intracystic papillae. 34 In contrast, the size of microcystic acinar adenocarcinoma glands ranges from 0.4 to 0.9 mm and the malignant lining layer is typically flat. 9 The Gleason pattern assignment is 3 for microcystic adenocarcinoma. While this is a low-grade adenocarcinoma, in 36% of cases in the whole prostate there is pattern 4 elsewhere, 9 indicating that detection of microcystic adenocarcinoma in prostate needle biopsy tissue does not guarantee that high-grade pattern 4 is not present elsewhere, and perhaps unsampled, in the whole gland. In uncommon cases (n = 2 in 1 series of 53 cases) 9 microcystic adenocarcinoma glands invade into periprostatic adipose tissue.
Foamy gland adenocarcinoma
Foamy gland adenocarcinoma can be deceptively benign-appearing due to lack of nuclear atypia. [35] [36] [37] [38] [39] Clinically, the mean age at diagnosis is 65 years (range 50-78 years) 36 and, like many men with pseudobenign carcinomas, these men present with an elevated serum prostate-specific antigen level. 37 Microscopically, foamy gland adenocarcinoma is characterized by abundant foamy or xanthomatoustype cytoplasm with pyknotic nuclei being frequent ( Figure 7) . [35] [36] [37] [38] [39] Intraluminal dense pink secretions are often identified. 36 Foamy glands are observed admixed with usual acinar adenocarcinoma in 17% of needle biopsy cases 38 and 13-23% of radical prostatectomy cases, 39 and are only rarely found in pure form. The lack of nuclear atypia in the foamy glands can create difficulty in establishment of a malignant diagnosis, especially in needle core tissue. Unlike other deceptively benign-appearing prostatic adenocarcinomas, high Gleason grade foamy gland adenocarcinomas exist (Figure 8 38 The foamy appearance of the cytoplasm is due to the presence of numerous intracytoplasmic vesicles, which lack lipid or neutral mucin. 37 The differential diagnosis includes benign glands, which can have foamy cytoplasm, 40 and foamy macrophages, including those seen in prostatic xanthomas 41, 42 and granulomatous prostatitis, especially when epithelioid histiocytes possess cleared to vacuolated cytoplasm (due to lipid accumulation). 43, 44 An immunohistochemical marker panel can be of diagnostic utility: positive reactions for pan-cytokeratin, PSA, PAP, and NKX3.1, with negative immunostains for CD68 and lysozyme, can be of aid in confirmation of foamy gland carcinoma when foamy histiocytes are a consideration. 45, 46 Neoplastic glands are also in the differential diagnosis: there are rare reported cases of foamy gland high-grade prostatic intraepithelial neoplasia 47 and intraductal foamy gland carcinoma. 36 Foamy change has also been described in a few cases of ductal adenocarcinoma of the prostate. 48 Finally, androgen deprivation therapy can induce cytological changes in prostatic adenocarcinoma cells that have an appearance similar to foamy gland carcinoma, with cytoplasmic vacuolization and nuclear pyknosis. 49 Foamy gland carcinoma carries a similar prognosis as non-foamy gland adenocarcinoma after radical prostatectomy. 39 
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